
TABLE 05. CONSTRUCTION AND OPERATION AND MAINTENANCE COST FOR 
A25 

HIGH GRADIENT MAGNETIC SEPARATION INSTALLATION 
[28]Construction 

costTota, $ 2 

000 84 
500Operaton 

andmantenance 

cost 544 
000 000 ga treated 

0.2a. 
2000. 

0.0438 \ 000 a 
3.785 

3BIOLOGICAL 
TREATMENT ALTERNATIVESBioogica treatment 

1s a means of removing organic 

poutants from streams, and can be accompished either or Severabioogica processes 
have been appied to combined sewer overfow treatmentincudng: contact 

stabiizaton tricking fiters, rotating bioogicacontactors and treatment agoons 
[2Bioogica systems must be operated continuousy to maintain an active or 

be abe to borrow the from a system which 
does 

operatecontinuousy. This and the high initia capita costs are serious 
drawbacksin 

utiizing bioogica systems in treatent.Deveopment and testing 
of new bioogica treatment processes and furtherdemonstration of estabished 
stormwater bioogica systems at other ocationshave 

not 

been attempted beyond the origina demonstration faciities,Complete 
descriptions, incuding design criteria, process performance costs,and faciities 

descriptions, have previousy been evauated [2 Thefoowing contains a 
summary of each process, using updated information anddata, when avaiabe, of 

competed bioogca faciities.Process Description and InstallationsDescriptions 
of the bioogical processes used to contro the organicpolutants found 

in stormwater are summarized in Tabe 06. These 
bioogicasystems 

are generaly ocated adjacent 

to conventional bioogica facitiesfor a source of biomass, with the 
possibe eception of treatment agoons.Contact stabiization, tricking fiters, 

and require suppementaltreatment, usually fina carification, to remove the 
bioogica solidsgenerated by the process. Effuent from treatment agoons may 

also requireaddtiona treatment for contro of agae or foatabe solids. 
Descriptionsof typica biologica treatment instaations are summarized in 

Tabe 07.224 
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Evauaton of Boogca Treatment ProcessesBiogca 

treatment processes are generay categorized as secondary treat¬ment processes, 
capabe of removing between 70 and 95% of the and sus¬pended soids from 

waste fows at dry-weather design and oadings.When bioogica treatment 
processes 

are used for treatment,remova efficiencies are ower and are 
controed 

to a arge degree byhydrauic and organic oading rates. Most biologica 
systems are extremeysusceptibe to overoading conditions and shock oads 

as compared to physicatreatment processes. However, rotating biologica 
contactors 

have achevedhigh removas at fows 8 to 0 times dry-weather design fows 
[7Bioogica Treatment Performance-¬Typica pollutant removas for 

contact stabiization, tricking fiters 

and are presented in Tabe 08, for wet-weather oading conditions. Theseprocesses 
incude primary and fina clarification. Fina carificationgreatly 

influences the overal performance of the system by preventing thecarryover 
of bioogica solids produced by the processes.TABLE 08. TYPICAL ET-WEATHER 
BOD AND SUSPENDEDSOLIDS REMOVALS FOR BIOLOGICAL TREATMENT 

PROCESSESExpected range ofpoutant remova %Boogca 
treatment proces BOD Suspended sodsContact 

stabzaton 
70-90 

75-95Trickng fters 65-85 

65-85Rotatn contctors 40-80 40-80a. Remova refects 

fow ranges from 30 to 0 times 

fow.Average poutant remova 
by 

the contact stabilization process at 
Wisconsin, 

is presented in Table 09. Plutant remova effectiveness 
wasshown 

to be directy dependent on the quaity of the sudge being produced bythe 
dry-weather treatment faciities. Dry-weather activated sudge is wastedto the 

stabilization tank to provide the biologica solids when the contactstabiization 
system begins operation. Ony after the demonstration systemhas operated 

for many hours wi the sudge in the stabiization tank actuaybe that produced 
by the demonstration system and be acclimated to the wastecharacteristics 
of wet-weather fows. The dry-weather treatment pant effi¬ciency was aso improved 

by utiiation of the demonstration project finacan ier during periods 
when the demonstration faciities were not in use.Dry-weather pant efficiencies 

increased from 82 to 94 for BOD, and from 64to 88% for suspended solids 
[72The pastic media and conventiona rock media tricking fiters at New 

Provi¬dence New Jersey, operate in series during dry weather, and are operated 
inparallel during wet weather [73 

when the system is operated in the para¬el mode overa average polutant remova 
s decreased and is affected bythe hydrauic fow to the pant, as shown in 

Figre 55. Overa poutantremova aso incudes both primary and fina carification. 
It was asodemonstrated that the pastic media fiter removed about 2.7 times 

the BOD as228 



compared to the rock media fter during wet-weather fows: approximatey0.86 
kg as compared to 0.32 kg (54 ft versus 20 ft at a 45% BOD remova efficiency. 

comparison of the BOD removal effi¬ciency as a function of hydraulic 
and organic oading rates for the rock mediaand the plastic medi tricking fters 

is shown in Figure 56.TABLE 09. AVERGE POLLUTANT REMOVAL 
PERFORMED 

FORTHE WISCONSIN, CONTACT STABILIZATION 
FACILITY [72] ReovaSuspended sods, mg/L 299 23 90.4Suspended 

voate sods, 48 
3 90.0Tota 

sods, mg/L 685 464 29.2 voate sods, 
n/I 252 130 4.6Tota BOO, mg/L 9 84.8Dssoved 

BOD. mg/L 3 7 72.COD 366 66 
8.9Tota organc carbon, 7 23 76.5Dssolved 

organc carbon, mg/L 29 5 
39.7 

ntrogen as 13.70 
3.7Total 

phosphate 

as 4.64 .8 58.6Tota MPN/mL 038 3 

726Feca coforms, MPN/mL 2 238 443Note: A 

values ndcated are arthmetc mean of 30 runs 

atacceptabe operatng levels except for 

whchare means.a. Infuent sames 
taken 

from grit tank effuent. 
Effuent 

sampes taken pror to The demonstration scae R8C at Miwaukee, 
Wisconsn, confirmed pantresuts, handing a hgher 

range of organic and 

hydrauic oads for periods of8 to 0 hours [7 A 
comparison of organic remova efficiency for both 

thepiot pant studies (using raw sewage) and the ful-scae wet-weather 
demon¬stration faciities is shown in Figure 57. It was aso shown that as hydrau¬ic 

residence times fe beow about 8 to 10 minutes, the organic removalefficiency 
of the demonstration faciity dropped significantly. This treat¬ment system 

was instaed as an inine device without fnal carification.Final coud greaty 
ncrease BOD and suspended soids remova byremoving the soughed bioogical 

mass caused by the hgh hydrauic oadings.Lagoon Treatment Performance-¬Poutant 
remova efficiencies by treatment lagoons have varied from highs of85 

to 95 to negative values due to excessive agae production and carryover.In 
addition to the type of agoon and the number of ces in series (stages),severa 

major factors that infuence 

remova efficiencies incude: (1) deten¬tion time, (2) source of oxygen suppy, 
(3) mixing, (4) organic and hydrauicoadng rates, and (5) agae removal mechansms 

[2, 52, 74, 75A singe ce storage/oxidation agoon in Springfeld, Iinois, 
averaged 27%BOD remova and 20 sspended soids remova; however, fish kis in the229 



receivng water were greaty reduced as compared to that pror to the 
con¬structon 

of the faciity [75 Mutpe ce facties with agae controsystems constructed 
at Mount Michgan and e, Iinoisprovide 75 to 90% suspended solids and 

BOD remova efficiencies during wet-weather conditions [52 74Figure 
55.,345PLAT 

0 0438 1 Overa 

tricking 







Desgn CriteriaThe 

prncpa desgn crteria used to evauate and desgn boogca systemsgenerally ncude 
hdrauic and organic oadng rates, sudge and hydraulicdetenton times, and n 

the case of contact stabzaton, such factors as ratio, mass of organisms in the 
system, and rate of substrate utiizaton.At isconsin, severa process 

crtera 

were correated with effuentBOD and sspended soids concentratons and remova 
effciencies. The resutsof this correaton are presented in Tabe 10 [72 These 

tests asoindicated that ow concentration of less than 200 and high 
times of greater than hours and long stabization periods mayserousy 

affect process efficency. A contact tme of at east 0 minuteswas aso found 
for satisfactory operation and performance of the faciities.TABLE 10. RESULTS OF CORRELATIO OF COTACT STABILIZATION PROCSSPERFORMANCE AND PROCESS 

PARAMETERS 
AT KENOSHA. WISCOSIN [72] correatonProcess quaton 

cofcntEffuent 
BOO concentraton, 6 A) 92 (B) 9.I 0 670Effuent 

concentraton, 2 3 
(C) 83 (A) 13.9 0-51BOD 

reova, 
0.08 - 0 (B) - ,3 (A) 80 6 0 715SS remova, ' 0.02 E) - 0 

97 (C) 0 7 (A) 87 0.69Note A = F/M ratoB Stabzaton tme, C 
tme, D Infuent BOD concentraton, mg/LE Infuent SS 

concentraton, 
mg/LTypca desgn criteria for bioogica treatment 

systems 
have been 

prevousypresented and discussed 
the iterature [2] 

and are summarized in Tabes through 
4. Desgn criteria for treatment 

agoons 

are not based onbioogical kinetic theory, but rather on actua practice 
and eperience. Annventory and operational data from municipa agoon facilites 

have beencoected for various types of agoons for each region in the 
United States[76 Factors affectng agoon performance, incuding organc and 

hydrauicoading odor and aesthetic faiures, wind, ight, and mixng, are evauated.233 



TABLE 1. OPERATIONAL AND DESIGN PARAMETERS FOR THE 
CONTACTSTABILIZATION FACILITY AT ISCONSIN 

[72]ParameterAverageRange 

of tested500 concentraton, ng/I 3 

400 

rato n contact tank,b 2 8Sudge 

retenton tme, 2.3BOO oading 
rate,1b 000 

Detenton tme, Contact tank 
0.25eeraton 

tme 3.0Recyce 
rato, 0.40Voume 

of ar supped 
ncontact tank. ft/b 

250 000-5 
6000.5-5.00-7.0200- 

0000.7-0.33.0-0.00.20-0.6000-700a. 
Based on 30 pted runs. Ranges 

based on 49 

runs.1b 

B005/b 

kg 

b BOD/I 
000 3d 

x 06 g 

62.4 

TABLE 2. DESIGN CRITERIA 
FOR 

TRICKLING FILTERS OPERATED 
INPARALLEL FOR CONTROL OF WET-EATHER 
FLOWS [2, 73]ParameterHgh rate Utra-hgh 

rateFter mediaydrauc odng 

rate, 
desgnOrgnc oadn rate, b 000 ftRecoended desgnRangeDepth, 

ft rato, a. Or redwood satsb Utra-hgh rate 

trckng 
fter depthJersey 4.4 



TABLE 3. COMPARISON OF DRY-WEATHER AND WET-WEATHER 
DESIGNPARAMETERS 

FOR ROTATING BIOLOGICAL 
CONTACTORSwukee, 

sconsn [7]Range of 
genera ——————————————— ther 

Paraeter vaue [2] desgn rangeHydrauc oadn 
rate 2-8Oranc loadng rate,b BOD/ 

00 ft2.dDetenton te, 
1n5-55-20 

85.46925-35300-0a. aed on 
dsc surface area 

Based 
on correaton f 

COD;BOD 
ratos. .698 

L/2hb 

4.882 0 kg TABLE 4 COMPARISO 

OF DESIGN CRITERIA FORTREATMENT LAGOONS 
[2]Organc oadng rate,b No. 

of agoonsDepth, ftDetenton tme, 

Oxidationagoons20-502-62-530-60Aerated 
agoonsAerated 



TABLE 5. SUMMARY OF CAPITAL AND OPERATION AND MAINTENANCECOSTS 
FOR BIOLOGICAL TREATMENT 



Bioogical Treatment 
SystemsBoth 

singe purpose and dua use (integrated bioogica treatment) faciitiesave 
been 

demonstrated in controng combned sewer overflow. Snepurpose faciities 
treat fows ony durng wet-weather condtions as in thecase of the contact 

stabiizaton instaation and several agooninstaations [52, 72, 75 
However, the of the contactstabiization faciities is aso used for 

dry wether fna carficaton[72 Dua use or integrated facities are capabe 
of 

treating both dry- andwet-weather fows.Dua use has been accompished by 
changng 

modes of 
operaton 

during wetweather as demonstrated at New Provdence, New Jersey. 
Increased performanceduring dry-weather was aso obtained by using the trcking 

fters 
n series[73 Bioogica systems have aso been used to treat dry- and 

wet-weatherfows 
without prcess modification by pushng the system to desgn imits 

ashydrauic and poutant oads increase. Exampes incude the inine untat Miwakee, 
sconsn, and the lagoon treatent system at Ilnois [7, 74 At Ft. Indiana, 

an existng termnalagoon used by both the dry-weather treatment 
facilities 

and the wet-weather screening instaation pror to discharge to the 
receiving water[50Because of the limited abiity of bioogca systems to hande 

fluctuating andhigh hydraulic shock oads, storage/detention faciities 

preceding 

thebioogica processes may be required. Storage/detention wi be used at the 
agoon treatment faciities under construction at Mount Michigan [52 The 
storage unit wil reduce the maximum fows entering thesystem from .39 3/s 

(260 to design of approximatey 0.8/s (4,0 through the lagoon system. 
A smiar concept is aso usedat the treatment site in Iinois [74Initia 

capita 
investments of integrated or dua use faciities can bereduced by apportioning 

part of the costs to the dry-weather facity. Thecost reducton is in 
proportion to the net benefit that the wet-weatherfacty provides 

to 
the overal treatment efficency during dry-weatherperiods. A description 

of this evaluation is presented in Secton 4,LAD TREATMENT OF STORMATERLand 
treatment methods hae been used successfuly to treat municipa and 

somekinds of industria wastes for several years. The use of and treatment 
intreating or is usually limited by hydrauic applicationrates and 

the resuting land area 

requirements. 
Since stormwater volumes canbe many times arger than dry-weather 

municipa wastewater fows, appicationrates are proportionaly more critical in 
determining the economic feasibiityof their application to stormwater treatment. 

Uness adequate fowequaization coud be provided, sow rate land treatment 
processes with lowappication rates woud requre excessive and area.237 



Process Descripton and Faciities InstaatonsBased 

on the imitatons of applcation rates and and area onl, thefoowing and 
appication processes appear to have promise for treatng • etands• Rapid 
infitration• 

Overand 

fowThese 

ethods shoud 
have 

appication 
for 

stormwater treatment despite theabsence of concusive design, operating, 
and performance data from operationaprojects.Wetands-¬Wetands are areas wth too 

many 

pants 
and 

too 

tte water to be caedakes, yet they hav enough water to prevent most 
agrcutura or uses. Existing wetands areas are generay arge enough 

toaccommodate expected stormwater runoff voumes and their abiity to 
infuencestormwater quaity appears to hod promise,The Minnesota [77 project is one 

of 
the few projects currentyinvestigating 

the 

potential of wetands treatment, but any concusionsregarding expected 
quaty wi require more data. However, resuts fromwetands projects researching 

the potentia for renovating municipa indicate effective treatment 
does take pace [78 The managementtechnique for nutrient remova, oadng 

rates, and the suitabe sitecharacteristics need further study. inter appication 
in northern atitudesmay not be feasibe.Rapd Infitration-¬In rapid 

infitration, most of the appied wastewater percoates through thesoi, 
eventuay 

reachng the 

Rapidy 
permeabe sos 

such 
assands and oamy sand are suited to this process. The high appication 

ratesprecude consumptive use by pants (vegetative covers are not normaly 
used)and there is itte evaporation. Return of renovated water to the surface 

bywes, or groundwater interception may be necessary or may be anadvantage 
depending 

on existng groundwater quaity reuse potential or waterrights 
considerations. 

Rapid infitration is ony affected by the most severecimatic conditions 
and wn requre a reativey sma amount of and f soiconditions are correct. 

Surface cogging due to high suspended soids loadingcan reduce infitration rates 
and may require Overand Fow-¬In overand fow treatment, water fows across a 

vegetative surface to runoffcoection ditches for reuse or discharge to surface 
water. Treatment is by238 



physica, chemica, and bioogica means as thin fim of water fows overthe 
reativey mpermeable surface; very itte percoaton takes pace.Land Appication 

ony actua stonnwater 
and 

treatent projects discovered theiterature are piot scale wetands 
treatment system in Minnesota [77 and an experimenta scae project 

in Tucson, Arizona [79which conined the rapid infitration and overand fow 
methods. Features ofthese projects are shown in Tabe 6.TABLE 6. DESCRIPTION 

OF TREATMENTPROJECTS USING LAND 

TREATMENTItemType of treatmentHydrauc oadng,Land 
area acresPerod of 



and municipa dry-weather fow projects is presented for poutant removaefficiencies, 
design criteria, and costs.Process 

Evauation-¬Resuts 

comparing treatment of domestic by natural and artificamarshes indicated 
that significant poutant removas take pace in eachcase [80 It was determined 

that artificia marshes acted simiar tonatura marshes, but treatment 
efficiency was better for managed artifciasystems. Removas were reated 

to 
detention time and the ength of marshthrough which the wastewater passed 

Treatment efficiency was adverseyaffected by cimatic conditions; poor 
poutant removas associated with thefirst heavy frost of the fa were observed. 

The best seasona removasaveraged approximatey 29% for BOD and 13 for 
phosphorus for natura marshes.The managed artificia marsh averaged approximatey 

90% for BOD and 64% forphosphorus. Marsh systems can hande the hgh sods 

loadng assocated wthstonnwater and management techniques to increase poutant 
removasare avaiabe.Studies usng marsh systems for treatment aso ndicate 

signfcantpoutant 

removas as summarized in Tabe 7.TABLE 17. TYPICAL POLLUTANT LOADING ANDREMOVAL 
RESULTS USING LAND TREATMENT Mnnesota 

[77]Poutantoadng. 
Remova, [79Suspended ods 

4,973Phosphorus 7.8 64.89 Resuts 

ndcted 

sgnficantpoutant 

remova but 
loadng78 and percent removas wre notdetermned.0a 

Ammona concentratons n 

are hgher than 

the nfuent. .2 

Limited 
studies using stonnwater 

runoff and rapid infiltration 
indicate goodtreatment performance, 

however, 

actua percent removas were notdetermined 79 Severa conclusions can be made from 

results using sanitary• 

Poutant 

removas by the fitering and straining action of the soiare exceent.• 
Suspended soids, BOD, and feca are almost competelyremoved.• 

Nitrogen 
removals are generay poor uness specfic operatingprocedures are estabished 

to maxmize 

240 



Ttal nitrogen reovals range from 30%, without procedures, to50% f steps to 
maximie dentrification are taken. Phosphorus removals canrange from 70 to 90% 

depending on the physica and chemica characterstics ofthe soOverland ow 
systems 

can 

acheve treatment to secondary evel (or better)from raw, prmary and treated, 

or lagoon treated municipa Ntrogen and BOD reovals are coparabe to 
conventional advanced treatent. Nitrogen removas usualy range from 75 to 90% 

with 
nitrogen being mosty n the nitrate form. Nitrogen remova can be 

affectedby cod weather as resut of decreased pant uptake and reduced 
biologicaactvty. 

Phosphorus removas by adsorption ana preciptation are limtedbecause 
of incompete contact between the wastewater and the adsorption steswithn 

the so; removas usuay range from 30 to 60% on a concentrationbasis.Desgn 
Critera-¬Appyng aternative and treatment methods to stormwater treatment w 

beaffected 

to different 

degrees by cmatc restrctons consttuent andhydrauic oading to the system 
(.e., treatment), stecharacterstics, and vegetative cover. Typica design 

features for thevarious processes, based on treatment of municipa 
wastewater, are compared inTabe The major site characteristics are compared 

for each andtreatment process n Tabe 19.The nitrogen, phosphorus, suspended 
soids, and BOD loading capacity wi varyfor ech land treatment process 

dependng on such factors as 

preappicationtreatment expected treatment performance, hydrauic imitaton of the 
soiand underying geoogy, nitrogen removal capacity of the compex, and 

discharge standards.For rapid nfitration systems, the infitraton capacity of 
the soi could beimted by excessive suspended soids oadings. If rapd nfitration 

sused, it is recommended 

suspended soids concentrations beconsstent with that of primary treated municipal 
effuent before appicationto the and. Nitrogen oading is often the 

imting criterion for percoatingwater from rapid inftration systems to meet 
drnking water standards of0 for nitrate-nitrogen. Crop uptake of ntrogen, 

denitrfication, andstorage in the soil wil a11 affect the maximum alowabe loading. 
Otheroading parmeters may incude phosphorus and heavy metas.For overand fow 
systems, treatment performance is directy reated topolutant oadings and 

hydraulic appication rates. The genera polutantoading capacity depends 
prmariy on the expected treatment performance andthe leve of 

ication treatment. Suspended soids reductions to a eveconsstent with 
municipa wastewater that has been screened and possiby and woud be desirable 

to ensure successfu operation ofthe system. Methods for distrbution of 
stormwater runoff with high suspendedsoids loads wi require carefu consideration. 

Because appication ratespartialy govern the expected effuent quaity, 
maimum aowabe appication241 



rates during precipitation may be reativey ow. As a resut, significantstorag 
may be required affectng the economic feasibiity of this process.TABLE 

8. 
COMPARISON OF DESIGN FEATURES FORLAND 

TREATMENT 
PROCESSES 



Costs of Lan Treatment 
Systems-¬There 

is an absence of fu scae operationa projects where capita andoperatng 
costs have been comped. However, cost curves for rapidinfitration 

and overand fow systems which treat municipa havebeen comped presentng 
component capita and operating costs [81The use of exsting wetands 

aready 
infuenced by woud appear tobe very economica but exstng sites are not 

aways 
avaiabe. Creation ofartficia wetands another approach whch has received 

some attention as aow cost and treatment method.DISINFECTIONDisinfection of 

storm and combned sewer 
overfows 

is generay 

practiced ata stormwater treatment faciities to contro pathogens and 
othermicroorganisms in receiving waters. At most stormwater 

nstaations,disinfecton 
has been accompished by appyng conventiona wastewatertechnology 

suppemented by high rate processes and on-site generation 
ofdsnfectant. 

Severa aspects of disinfecton practices require for stormwater 
treatment appications. These nclude:• A residua dsinfectng 

capabiity may not be feasbe forstormwater discharges. Recent work indicates 

that chorineresduas and compounds discharged to natura 
waters may be harmfuto aquatic ife.• The form count is 

increased 
by surface n quantitiesunreated to pathogenic organism 

concentration. 
Tota 

eves 

may not be the most usefu indication of disnfectonrequirements 
and efficiencies.• Discharge points requiring disinfection are 
often at outying pointson the sewer system and require 

unmanned, autoated instaations.• 

Storm 
fow is hghy variabe both in quantity and quaity;disinfection faciities 

must be abe to meet these fuctuations.Three basic needs for 

contro of microorganisms n stormwater overfows havebeen 
identified 

[82 () to obtan knowedge of the storm fowsmicroorganism 

pathogenc 
quaity and the pathogens reationships to otherindicator organisms; 

(2) to deveop high-rate dsinfection systems to reducearge tankage 
and/or dosage requirements, and (3) to deveop disinfectonfaciity desgn and 

operation techniques for the highy varying quaity andquantity characteristics 
of storm fows.Disinfection ProjectsDemonstration projects evauating 

stormwater disinfection technoogy aresummarized in Tabe 20. Other proects, 
evauating the characterstics andimpacts of 

microorganisms in 

stormwater, have been benefica in providing abackground understanding of 
the sources and constituents of contamination overfows [82-85243 



TABLE 20 SUMMARY OF DEMONSTRATION 
DISINFECTION PROJECTSProject 

ocatonDsnfectantagentSourceDescrpton 
of disnfecton systePerod ofoperatonBoston,Massachusetts 

[7]Cottage 
FarmDetenton 

andStatonCeveandOho 

[06]Massachusetts 
[87]Ne 

Oreans,Lousana 

[88]New 

York 
Cty,New York 

[25]Spring 

CreekPhadephia,Pennsyvania[55, 

56. 
57]Sodum 

(NaOCSodum 
Sodium 

(NaOC)Sodium 
(aOC)Sodum 

Sodum Ozone 

(03)Purchased 
Automatic 

disnfection 
system 

njectsstored 

up to 3 000 ga of 
0 to 5 

into the nfuent 
chnne to 

thedetenton 
basins 

for the 

desgn 
stormPurchased 

Dsinfection 
of two 

bathing beachesstored encosed by fabrc barrers 
and dis¬infection of pouted streams andoverfow ponts Infuent to Lake 

Ere.Purchased Hgh-rate appcation of 
disinfectantstored 

va thn fim in Systemincorporates 
chemcay assistedhgh-rate settlng.Central 

is generated at a centra facity 
with a capacityof 00 The 2% NaOC 

stransported and stored at 4 pumpngstations on 3 
overfow channes todisnfect pumped Purchased 

Automatic dsnfection systm 
injectsstored up to 60 

000 of 5% NaOC Intothe inet sewer of the 
storagedetenton facities.PurchasedOn-stegeneraton 

of to disinfectants onscreened 
and unscreened combinedsewer overfow. Short contacttmes are acheved 

by hgh veocitygradients n a 

pug fow contactchamber regm.971 to present968 to 970974 to present972 to present972 to 
present969 to 973Rochester,New 

York [35]yracuseNew 
York 

[35. 

89]Chorne Chornedode 

(C02)Chorine gas(C2)Chornedoxide 

PurchasedOn-stegeneratonPurchasedOn-stegenerationSequential 

additon of C2 and C02 975 to 976wth 
fash mxng at each point ofappcaton. 

Dsnfecton 

s fnatreatment 

step folowng 

sedimentaton,storage, 

dua 

media 

ftraton, 

andcarbon 

coumn 

pot 
facties.Evauaton 

of 

ndvdua 
and sequentia 974 

to presentaddtion 
of 

and 

folowingtreatment 

of 

combined 
sewer 

overfowsby 

screenng 

and swr 

concentraton.ga 

3.785 
b/d 0.454 

k244 



The Massachusetts, demonstraton faciity represents newtechnoogy in 

disinfectant appication [87, 90 The 373 (00 000 combined sewer 
treatment 

faciity incudes chemical addition (FeC3, and poymer) and high-rate 
setting prior to disinfection.Disinfection is accompshed by the 

use 

of thin fm technoogy. s sprayed on a thin fm of wastewater to provde aximum 
nstantaneouscontact and eiminate the need for further mixing. A sma 

sump 
is providedat the outet of the unit but no contact chamber s required. 

Anaysisindicates that both tota coiform and fecal are reduced to ess 
than36 organsms per 00 A second high-rate setting unt after dsnfection was found 

to add itte tothe 
overa 

suspended soids remova effciency. Typica poutant removasfor the faciity 
average 

65% for BOD and COD, 85 for suspended soids, 90%for tota phosphorus, and 
over 99% for tota and feca Future studies proposed at wi incude the use 

of ozone as adisnfecting agent.Dsinfection AgentsThe dsinfecton 

agents use in wastewater and treatment ncudechorine, cacu and hypochorite, 
chorne doxide, 

and ozone.Resuts 

from 
combined bench and pilot pant testng of high gradent magneticseparators 

indicate 99.9% reova of viruses and over 99% remova of tota andfeca 
conforms [28 However, physca methods and other chemica agentshave not experenced 

wide usage ether because of excessve costs ordiffcuties with appication 
technoogy.Evauation of Disinfection four potentia disinfecton agents have 

some characteristcs; aare oxidizing agents, corrosive to equpment, 
and are hghy toxic to bothmicroorganisms 

and 
higher ife. Other characteristcs 

and dfferences thatshoud be considered when choosng a stormwater disinfectant 
are nTabe 2. A discusson of these characteristcs foows.StabilityThe 

more 
stabe chemicas aow the designer greater flexibity indeveoping a treatent 

faciity. Chorne gas is aways purchased and itshigh degree of stablity alows 
long storage periods. Hypochorite can bepurchased or 

generated 

and can be stored for severa months, or t canbe generated at a steady 
rate and stored between overflow events. Peak demandrequrements can come 

from storage or be purchased as needed.At New York's Spring Creek faciity, 
purchased sodiu hypochorite is dutedand stored at strength of about 5% 

avaiabe 
chorine, which reduces therate of deterioration [25 It has, been shown 

that the stabiity of sodiumhypochorite is higher at reduced 

concentrations [2 Chorine dioxide andozone are the east fexibe; they must be 
generated onsite and their245 



effective ves are too short to make storage practica. Consequenty,disinfectant 
generating capacity must be sufficient to hande antcipated 

peakdemands.TABLE 

2. CHARACTERISTICS OF PRINCIPAL DISINFECTION 



HazardsChlorine, chorine dioxide, and ozone are a dangerous gases thatust 

be carefuy handed by copetent personne. The hazards of chorine gasare we known 
and have caused restrictions of ts use or transport in severacites incuding 

New York and Chicago. Gas concentratons as ow as 5 cancause difficuty in 
breathing and 000 ppm can be toxic. Chorne dioxde has smar to chorine gas ana the 

additiona danger of expoding withany sight change n envronment. It must be 
kept in the aqueus state tonmize dangers. The gas is soube n water but does 

not react chemicaywith water. Ozones oxidizng capacity makes concentratons 
of .0 in theatmosphere hazardous to heath. can be obtained as sod oriqud 
and does not have the potential dangers of the other three agents. Itis 

the safest choice for remote, unmanned disinfection operations.Evaluaton of 
Appication Technoogy-¬Several studies have been conducted to 

examine 

applcaton technques thatimprove or 

enhance the disinfecting capabiity. Adequate mixng under pugfow conditions 
and sequentia addition of chorne (C and chorne dioxide(C0 were two significant 

pareters which infuenced disinfectionefficency.MixingIn hgh-rate disnfecton 
systems where contact tmes are ess than 10mnutes usuay in the range 

of to 5 

minutes, adequate mixng is a critcaparameter, providing compete dsperson of the 
disinfectant and forcingdisinfectant contact wth the maimum number of The 

morephyscal coisions hgh-intensty mixng causes, the ower th contact 
tmerequirements. Mxing can be accompished by mechanica fash mixers at thepont 

of disnfectant addition and at intermittent ponts or by speciydesigned contact 
chambers, or both [2, 36, 55At Phadelpha [55, 57 a specialy designed 

contact chamber with coseyspaced corregated baffes was used to increase the 
velocity gradent in t~ is a function of the 

viscosity of the fluid, veocity, andheadss. In this appication it was considered 
desirabe to keep the pro¬duct of G and detention tme constant, 

at ess than peak design fowconditions. Assuming that t remains constant 
therefore veocity remainsconstant. G is increased by ncreasing the headss 
through the use ofcorregated channes [2 Spacng and arrangement of the 

channels is asoessentia to maintain pug fow conditions preventing any of 
thedspersed disinfectant. Using this design, a contact tme of 3 minutes 

withinitia chorne concentratons as ow as 2.6 reductions of tota andfeca 
by 99.9% were obtained.At an experiment at Fort George to show the 

effect 
of ixng ondsinfection, turbuence was in a sewage effuent ine by instang 

a20.3 cm (8 in.) orfce to increase fow veocties to the range of 2 to 2.3 
(6.6 to 7.6 Virus ks were increased to 

83. to 99.3% from 45.8to 73.5; however, was found that coform kis 
did not substantiayincrease [9Sequenta Addition of Dsinfectants-Disinfection 

was 
shown to be enhancedbeyond the expected additive effect by sequential addition 

of folowed by247 



C02 at intervas of 5 to 30 seconds [36, 82, 89 A minimum effectivecombination 
of 8 of C2 foowed by 2 of C02 was found as effectiveas adding 25 mgL 

or 2 mg/L C02 individuay in reducing total and feca feca streptococci, and 
vruses to acceptabe target eves [82,89It was surmised that the presence of free 

C2 
soution with ions(C0)> (the oxidized state of C102), may cause the 

reduction 
of back toits original state. This process woud proong the existence 

of 
C102 themore potent disinfectant [82. 89Other signifcant findings of the 

County, New York, studies 
incudethe 

foowing:• Sequentia doses of the same disinfectant do not increasedisinfection 
over a 

singe dose with the same tota • does not appear to affect 
C1 disinfection but sightyimproves disinfection with C.• C 

and demands may be due to different materias in• The maximum antivira 
activity of C10 was found to 

occur 
between 4.5 and 7.5. • Increases of temperature from 2°C 

to 30°C 
(36° 

to 86°F) sightyimproved high-rate bacteria disinfection with both C2 
and Vira 

with 

was sharpy decreased at 4°C (39°F butunaffected between 2°C and 

36°C (54°F and 97°F). of Microorganisms of indicator microorganisms 
in after disinfection havebeen reported [84, 86, 89 Indicator 

microorganisms, specificay tota enter a og growth 

phase when the disinfectant 

residua decreasesto vaues. Aftergrowth conform eves can exceed beforedisinfection 
background eves. Tota and feca coform werereported during stream 

and laboratory studies at Ceveand, Ohio [86 Onytota coform aftergrowth was 
reported during a storwater disinfection studyat The oodands, Texas [84 

In both cases, aftergrowth of fecastreptococci did not occur. Laboratory 
aftergrowth studes in Syracuse, NewYork, reveaed that difficuties in 

simuating the conditions for aftergrowthmay be encountered for bench scae tests 
[89 Aftergrowth tests, conductedto determine the utimate bacteria 

and vira counts that might resut in thereceiving water from the discharge 
of 

untreated and disinfected combned seweroverfow, showed no measurabe increases 
during and up to 3 days. Theseresuts were fet to be more indicative of 

the inabiity to simuate receivingwater conditions in the aboratory rather than 

a ack of aftergrowth.A possibe chemica change the composton of the stormwater 
caused bychorine may enhance aftergrowth. This chemica change assumed 

to be aceavage of arge protein moecues into smaer proteins, and 248 



acids. These smaler moecues are more readiy avaabe to the bacteria forgrowth 

and reproduction than the arger proteins [86The Cty of 

Ceveand conducted a research study to determne the cause of the that occurred 

during the hypochon nation of the streams [86Aso, possbe methods to reduce 
aftergrowth were investgated. The studyconsisted of: (Da stream study 

of 
bacteria aftergrowth resutng fro and (2) bench scae studies on possibe 

relationshipsbetween aftergrowth and due to changes.Concusons of 
the bacteria aftergrowth study are summarzed as foows:• Hypochon nation of 

streams resuts n signficant reduction ofndicator bacteria; however as 

soon as the chorine dsspates, a bacteria aftergrowth occurs.• Feca 
streptococcus exhibited a very limited abiity for aftergrowthin 

the aboratory. Feca coforms dispayed a 

moderate abity foraftergrowth. Tota coiforms were capabe of aftergrowth 
thatcosey approximated, or exceeded, ther respective initia eves.• 
Factors found to significanty affect bactera aftergrowth are:() 

the extent of diution of the chornated water; (2) timeavaiabe 
for 

aftergrowth between chornation and diution; and(3) eves of residua 
chorne.• Whie mantaining a 6 chorine residua throughout a 

aboratorystudy, no significant decrease in aftergrowth was noted 
byincreasng the chorination 

detention 
time from 5 minutes to 72hours.• Proteins as anayzed by the 

Method for proten were greaty ncreased in stream water sampes 
upon the addition ofsodiu It is assumed that chorine ceaves 

argerproten 

molecules into smaer proteins, and acidswhich yied more reactive 
sites to react wth the Lowry coordeveopment reagent. A the 

reactive 
nitrogenous organic copoundswere cacuated as protein. Since 

both aboratory and fed studesshow bacteria popuations were greater 
after chorination thanbefore, t is further hypothesized that 
the smaer nitrogenouscompounds were more easly utiized by the 

bacteria for growth andreproduction which coud be significant in the 
rate and magnitude ofbactera aftergrowth.• Other than of materia, 

there were no appreciabechornation induce chemica-physica 
changes in the water sampesstudied that coud be related to 

bacteriaaftergrowth.A mutipurpose investigation of surface water quaity and 
disinfection wasconducted 

in 800 ha (20 000 acre) test site at The woodands, Texas 
[84It was found that foowng dsnfection of with ether chorine.249 



ozone, or bromine wth dosing up to 32 occurred after 4 to 8days. Aftergrowth 
occurred ony in the tota group.Bioogica Indicator 

OrganismsTota 

conforms, feca coforms, 

and 
feca streptococci are the most commonbioogica indicator organisms used 

to measure water, and pathogenic quaity and disinfection effciency. 
Because extremeyhigh coform counts can come from natura background sources 

other thanhumans, the use of the group as an ndicator of the presence 
ofpathogens in stormwater has been questioned [84, 85 Anayss of soisampes 

taken from areas adjacent to estabished stream samping stations andfro 
other areas of The oodands, Texas, yieded positive vaues for aindicator 

bacteria 
groups, incuding pathogens [84 In Batimore,nvestigations have aso 

reveaed tte or no correations between indicatorand pathogenic bacteria 
in storm and stream sampes; however, pathogens werereceived n a stormwater 

sampes [85In using coiform counts to measure or contro disinfection 
efficiency, and asa basis of design when the 

possibiity of aftergrowth of coiform organismsexists and/or potentiay high 
background eves exst, gross over or underdesign of disinfecton facilities may 
resut.Studies have been conducted to evauate aternative indicatorsincuding 

high chorne resistant organisms, pathogens 

themseves, 
feca to feca ratios, and [83, 84,89, 92The conform group of 

indicator organisms have a reativey ow chorineresistance when compared 
to 

such pathogens as enteric viruses and protooancysts. Three indicators 
were 

investigated 
whch were resistant to n the range considered necessary for the 

ofpathogens and viruses. These incuded a yeast and two acid-fast bacius[83 
Siiar studies were conducted in Syracuse, New York, using f2 and 
0X74, Poio-, and other viruses that are more resistantto than the 

conform indicator bacteria [89Measurement of pathogens themseves is a 
method 

to identify quaitydrecty [85, 92 However, procedures to isoate 
and enumerate viruses such asSamonela, and areconsideraby more diffcut 

than for the conform group. Better methods andreiabe 

quaitative 
recovery procedures for the enumeration of pathogenicmicroorganisms 

shoud be deveoped to identify pathogen presence and impact instorm and combined 
sewer overfows [85Measurements of feca streptococcus in addition to tota 
and feca conformsmay provide an indcation of the source of the pouting 

bacteria groupsthrough the use of the feca forms/feca streptococci ratio 
andfeca conform/tota conform ratio [82, 84, 85 An ratio ofgreater than 0. is 

believed to be indicatve of sewage; however, a 

firm 
FC/FTrato has been diffcut to establish. An FC/FS rato of 4.0 or greater 

isbeleved to be indicative of human sources and a rato of .0 or ess 
isbeieved to be indicative of animal sources. The FC/FS ratios between 0.7 

and250 



an4.0 

are diffcut to interpret. It is suggested that ratos be appliedcarefully 
and that the ratios are most meaningfu hen data are coected atdischarge 

points to the receiving water. Upon entering receiving waters, theeves of each 

of the microorganisms may be affected by numerous environmentafactors and 
differentia die-away [85In sampes of storm FC/FS 

ratios 
of ess than .0 have been noticedand FC/FS ratios representatve of 

cobined 
sewer fows had only 8% ofsampes greater than 4.0, indicating anima 

sources of contamination [85A potentia alternatve to indicators is the 

use 
of a substance that is unversally found in a living ces,Significant 

decreases in ATP that parale bacteria reductions have beenobserved during the 
disinfection process. It may be feasibe to use ATP asinstantaneous 

measure and a control for disinfection processes [89Costs of Disinfection 
SystemsCosts of disinfection systems used to treat combined sewer 

overfows 
andStormwater discharges can vary 

greatly dependng on the compexty of thesystem. Stormwater disinfection 
must 

be fexibe and capabe of automaticoperation to hande intermittent and 
varying fows and volumes. Summares oftypica disinfection costs are presented 

in the iterature for chorine gas, and ozone systems [2. 27Costs used for 
disinfection aternative seection shoud be evauated usingocal conditions and 
requrements. These can ncude disinfection 

andreceiving water requirements standards equipment and dsinfectantavaiabiity 
and costs, and system control and operation requirements.Improvements 

and changes in on-site generation equipment may make theseaternatives 
more economicaly for storm fow appications. Ozonegeneration, 

athough more expensive than other methods of disinfection, maybecome an 
economically feasible aternative n lght of ncreasngy strctcontro of residuas 

and compounds formed by chlorine disinfection and theincreasing costs of 
chorine [82Cost curves comparing chorine gas, chorine dioxide, and generation 

dsinfection systems have been deveoped and are presented inFgure 59. These 
costs 2000) incude manufactured 

equipment, piping,housng, eectrica and instrumentaton, and miscelaneous 
items. Noaowance for contingency or and was incuded. Operaton and 

mantenancecost curves have aso been developed and incude annua abor 
requirements;msceaneous suppy costs for chorine gas, chorne dioxide, 

andhypochorite disinfection systems; and power requirements for hypochoritegeneration 
[27ILLUSTRATIVE PROBLESComparson of severa treatment technoogies 

together with exampesof process design and cost evauations are 
presented in Exampe Probems 7-through 7-5. The problems include a cost-effectiveness 

comparson 

of total25 



storage and storage/sedimentaton; design of swir concentrator, incudinggeometry 
modifications; deveopment of an equaton for estmating operationand 

maintenance costs for storage faciities; and a method for optimizingintegrated 
storage/treatment faciities. An evauation of and requirementsand design 

considerations for and treatment of is aso presented, 1 0010YPOCHALRN 



EXAMPLE ROBLEM 7- ASSESSMENT OF STORAGE AD STORAGEI ON COSTS AND COST EFFECTIVENESSGven a frequency 

curve of storm ranfa, determine the costs annua pouton reducton ad costeffectiveness for storage 
and a facit. The storage facty to be designto capture 95 of the tota annua voue. The storage/sedmentation 

facty Is to desgnedto capure 50 of the tota annua voume and treat those fos exceedng storage 
capacty bysedmentaton. Condtons. ranage area 000 acres.2. Average runoff coefficent 3. Tota annua 

ranfa 44 
n.4.Average 
suspended 

sods 
(SS concentraton in runoff 

40 5. Construction costs 000) for 

earthen-ned reservors $0.25/ga 

of voue, for concretesedentaton tanks, $.00/ga of voume.Assupons. 
he 

storae voumes are ased on a frequency pot of tota storm rainfal, as in Figure 7. 2510 IS 20 25TOTL Fgure 7-. Percent chance of obtanng 

ess than 

totastorm ranfa amount.2. It is assume that runoff foos the same reationshp of frequency as the ranfal 



Determne storage voue requred.Storage 

voume 080 " x 1000 acres) (43 560 2.90 0 ftor 2.7 
Mga Compute 

the constructon 
cost of the 

storage facity.Cost 2.7 x 0 ga x 0.25/ga° 5 425 000 
Adjust 

ENR 2000 costs to current costs. 2500 
costs 

$5 425 x .25 $6 70 00. Determne the 
voume and th constructon costs for 

5 storage of 

the annua runoff voume tor thestorage/sementaton factes; Storage voume (E x 0.50 x 000) 43560 435 600 ftor 3.26 Mgab. Cost of storage 

facty 3.26 x 0 ga1 x ° $3 260 000 ENR 2500 cost 

$3 260 000 x 

.25 4 075 
0003. Determine the tota removed by the storage system 

capturng of 

the annua voume.a. Compute annua 
runoff voume 

for 
a tota annua ranfa of 44 n. - 44 x 0.50 x 1000 (43 560)Annua runoff voume ———————————— 79.8 

x or 597 Mga/yr Compute annua SS oad at 400 400 Annua oad 597 
Mga/yr 

8.34 x 400 ppm 2 x 0° b/yrc. 
Copute the SS load contaned in storageSS 

captured x Ib/yr 
x 0.95 ° .9 

x 06 b/yrd. Compute the SS removed by conventona 

treatment at a rate of 85.SS reova .9 x 0.85 .62 b/yr4. 

etermine the tota SS removed by 
storage/sedmentation 

capturng 50 of 
the annua 

runoffvoume and 
treating 

the reander by sedimentaton.a. Compute the annua SS oad contained 

n storage and treated at a 
conventona 

dry-weatherfacty 
achevng 85 remova.SS reova ° 2 x 0 b/yr x 0.50 x 0.85° 850 000 b/yrb. Determne the 

average for fows that exceed storage capacty usng an 

averagemaxmum houry ranfa of .20 0.20 x 0.50) (000 acres) (43 560 (7.48 ga/ft (24 Ruoff 
rate ——————————————————————2 

in./h————————————————— 65.2 254 



Determne surface area of the storage/sedmentaton basin at a ft depth Area 435 600 ft"0 ft 

43 560 ft Compute 
average hydrauc 

oadng rate. 

- 65.2 Hydrauic oadn rate —43 50 —— 

500 gaftd Determne the 
average removed by at a hydrauc oadng 

rate of 500ga/ftd. 

Using Fgure 38, SS remova 30%.SS removed by sedimentaton 2 x 10 x 0.50 x 0.30 300 
000 b/yr The tota SS reoved by the 

storage/sedmentaton 

factes s 850 000 3 .5 06 b/yr.5 Estmate the 
annua costs 

ncudng 
varous land costs for storage and storage/sedmentation.Aso determne the cost 

efectveness 
for each 

type 
of storage.a. Determne the gross and area requrements for storage, usng a ft swd and the 

typcasecton of an earthen embankment as shon in Fgure 7-2.Figure 

7-2. 
earthen embankment detaEffectve aer surface area ) 290 000 ftor 538.5 ft 538.5 

ftGross area (538.5 [2 x 4] 385 000 ftor 8.84 acresThe 



Compute the amortzed constructon costs for storage usng a 20 fe at 7% nterest.Amortzed 

constructon cost tota cost capta recovery factor (20.7)° $6 868 400 x 0.09439 648 000 The amortzed 

constructon 
costs for both storage and storage/sedmentaton usng and costsof $0 $25 and S50 are sumarized as foows:Amortzed constructon costs. $/yrLand costs, $/cre0 000 

25 

000 50 000Storage 648 000 66 000 

682 000Storage/sedmentaton 
386 000 387 

000 389 000 Determne the cost 

effectveness usng amortzed constructon costs 

together wth the totapounds of removed per year for the to types of at each and cost. The 
costeffectveness for storage at $10 000/acre ——1648 .62 x 06 $0.40/bCost effectveness 

vaues for a determnations are summaried as foows: SS 
removed, $/lbLand 

costs, $/ace 

000 25 00 50 000Storage 0.40 0.4 0.42Storage/sedmentaton 0.34 0.34 

0.34CommentAthough 

actua 
constructon 

and land costs 
wi vary from the 

values ths exampe. 
It 

can beseen that and costs affect 

storage 

costs and cost effectveness to a greater degree than storagesedmentaton. A hgher percentage of 
arge tota rainfa woud requre even arger storagefaciites, however, f the majority of rainfal voumes 

were sal, tota storage mayapproach the most economca and cost-effectve souton.EXAMPLE PROBLEM 
7-2: DESIGN OF A SWIRL CONCENTRATOR/REGULATORUsing the desgn curves deveoped from mode studes [29 determne the desgn detais for a 

swirconcentrator/fow 

reguator removng 90 sett1eab1e soids, and Indcate the 
range 

of removas overthe range of nfuent fows. Aso. deveop revsed desgn dmensions using a weir heght 

equato the net dmensions Specfed Condtons1. The design fow 40 2. The infuent sewer sze 3 ftAssumptons. 
The peak fow 90 ft3/s256 



Soution. 

Determne the standard desn detais 0.25) for the swr concentrator/reguator.a From Fgure 7-3 

(Fgure 7 n reference [29 determne the chamber dameter or adesgn fow of 40 wth a chamber 
net dmenson of ft 10 IS 20 2 30 340*5DISCHRGE,Fgure 7-3. Swr 



Adjust 

the 

sir chamber dameter to acheve 90 remova.is nterpoated 
from the curves at 9%.Adusted 25 ftFrom 

Fgure 7-4, the 
D2 

dmensonCompute heght of the swr 

chamber from reatonshp 0.25. 0.25 25 ftH 6.25 ftDetermne the 
standard 

desgn detals 
as shown 

Fure 47, using the D- D and vauesderved above:°32bR2R34R5 0.67 x D2 0.56 x D2=0.50 0.33 
x 02 8 0.39 



Enter Fgure 7-5 at 8.33 and move vertcay to the standard design ine. A revsed vaue is by 
movng aong or parae to the geometry modfication curve to thespecfied ]/D vaue, In this case, 

.0, and then down to the revied vaue ofapproxmately 0.0. Compute the revsed chamber diameter 
10.0 \ 30 ft 

The 
other desgn dmensons are then recacuated 

usng the new arid 

vaues.CommentIn detang a swr concentrator/reguator, the designer shoud choose a swr net 

dmensionapproxmatey 

the same sze as the nfuent sewer. However, where there s choce of inetszes, the argest 
net sze w resut the smaest, most economca structure. It is that swrl desgns aso incude an 
emerency overfow for fows that exceed peak desgncapacty. The swr desgn curves deveoped from 
the mode studes are mted by the fact thatnet dmensons of ony ft ncrements are provded for nets 2 

ft and arger, therefore, estmateof swr sze w have to be estmated or nterpoated for odd sizes of nets. The swr desgns aso mted by the mode study desgn mits for of to 2.EXAMPLE PROBLEM 7-3: ESTIATION 
OF OPERATION AND MAINTENANCE COSTS FOR STORAGE FACILITIESeveop a normazed operaton and mantenance cost reationshp such that average annua operationand mantenance 

costs 

may be estmated as a function of storage voume.Specifed Condtons. Storage voume, 
capta, 

and operaton and mantenance costs for storage facites aretaken from Tabe 73.2. Cost basis: 
2000.Assmptons. Annua operation and mantenance costs are adjusted by the 

tota storage capacty 

and thecapit costs to obtan an equa bass of comparison usng the data for severa szes andtypes of storage 
facties.2. 

The resutng curves 

and equatons 

represent an average normazaton for any type and sizeof storage facty and are assumed to 
ncude abor, msceaneous suppy costs, andenergy costs.So on. the operaton and mantenance cost factor (Cf) for the 

storage 
faciitespresented in Tabe 73.a. For Ohio, the Cf is evauated by dividng the annua operaton 

andmantenance cost by the storage capacty and the capta cost. S2 900 (. 455 700) 
S0.0058gaS 

capta 
cost259 



Operaton and mantenance cost factors for the storage factes are summarzedas foos:Annua 
operaton 

and Storage mantenance cost. 
$ voume. Capta cost, $ 



3. Compare the resuts of the operaton and mantenance cost equaton th estmates obtanedfrom the 
cost curves deveoped for factes [27 Capta costs for use inthe equation are taken from 
the storage reservor capta cost curve for concrete uncoveredstorage basns Figure 34, to ake 

an equa bass for comparng the operaton andmantenance cost curves [27 The comparison 
for storage factes of 2, 5, 0, and5 capacty s summared as folows:Operaton and 

Operaton andStorage Capta cost, $ mantenance 
cost, $/yr mantenance 

cost, voume. (Fgure 3) [Equaton 7-2) (cost curves [272 500 000 5 100 5 
8805 900 000 8 750 9500 300 000 200 1 3005 700 000 5 

700 3 600a. Incudes 
abor nterpoated for 40 

events per year at $0/.ComentThe operaton and 
mantenance 

costs determned by Equaton 7-2 provde means and 
fexbtyfor 

estmatng 
costs on a frst-cut bass for both arge and sma storage factes ofsmpe or compex desgn and 

operaton. Operaton and mantenance costs based on the compextyof the desgn or process are 
controled by the captal cost of the faclty as we as thevolume of storage. The operation and 

mantenance vaues generated by the equaton, usng thecapta cost vaues developed n reference [27 
compare favoraby wth those taken from thecurves. 7-4 STORAGE/TREATMENT OPTIIZATIOEvaluate 

the cost of tota treatment and tota storage and determne the optmum storagetreatment combnation 

for 

a gven desgn ranfa at a eve of treatment costng 
$30 

Specifed Conditons. Dranage area 000 acres.2. Average coeffcent 0.503. Capta cost 
for treatment 30 4. Capta cost for storage 5. Operaton and mantenance costs for storage taken 

from 
Equaton 7-2.6. 

Operaton 
and mantenance costs for 

treatment 0 05 0.027 (treatment 

cost). Deveopedfor reference [93Assumptons. 
Assume 

storage is to be In 24 hours.2. 
The desgn rainfa rate .2 n./h3. The peak ranfa s assumed to be .5 desgn 

ranfa.4. The duraton of ranfa equas runoff duraton.Souton. Dtermine the capacty and cost 
to treat the tota 

runoff. The 

treatmentrate wn be desgned for the peak fow, 
thout 

storage or fow attenuaton.a. Peak 
ranfa 

.5 x desgn rainfa .5 x 1.2 in. .8 etermne the peak 
treatment rate (.8 n./h x 0.50 x 000 acres) (43 560 

(7.48 

(24 (2 n.ft) (.0 x 0 586 26 



Compute the cost of treatment.Cost 
586 x $30 $7.58 on2. Determne 

the cost of 
storage 

assumng the stored voume s in 24 hoursthrough treatment costng $30 OOO/Mgad. 
Usng Equatons 4-a and 4-2a:a. Storage voume 0.075 - (Q 24)t2 Eq.4-a 
0.0275 x 0.50 .2 000 .0 - 24) x 1.0 6.29 - (Q 24) 

6.29 - (6.29 24) 5.6 Cost of storage/treatment 
0.0275 ] - \ 
4-2a 6.29 x .0 6.29 

0.03 - 6.29 
- 0.9 56.0 monc. Evauate the cost of storage and treatment ndvduay for ths 

stuaton.Storage 
cost 5.6 

x 
$.0/ga $5.6 

monTreatment 
cost 6.29 x 

$0.49 mon3. Determine the optmum storage/treatment combnaton usng annua capita 
costs and tota annuacosts (Incuding operaton and mantenance).a. Compute the storage voume requred to reduce the 

peak treatment rate to the averagedesign treatment rate, usng the near reationshp shown In Fgure 
7-7.2.01.51 .00.5PEAR TREATENT RATEWITHOUT 

STORAGE TREATMENTRATEMINIMUM TREATMENT RATEREQUIRED TO TOTAL IN 24 0.5DURATION, .0Fgure 
7-7. Reatonshp of treatment rate and storage voumefor treatment rates 

than 

0.6 

of 



Compute the treatment rate at .2 of ranfa.Treatment 

rate (2 n.ft) (.0 0 39 Determne the cost of storage and treatment at 
the desgn treatment rate.Storage 

cost 2.04 

$.0/ga $2.04 monTreatment cost 39 Mga/d x $0 $.73 mnonTota cost 2.04 

1.73 $3.77 mnon Compute the storage/treatment costs 
for other treatment rates.Note: At treatment rates of 

less than 0.6 of ranfal Equatons 4-1a 
and4-2a 

may be used. At treatment rates greater than 0.6 n./h of 
ranfal,the storage voume 1s computed from Fgure 7-7 by multpyng the area ofthe 

trange at the desred treatment rate by the approprate conversonfactors.Costs 
of severa storage/treatment combnatons are as foows:Rainfa Treatment 

Storage Treatment Storage Total cost,in./h rate, voume, Mga cost, mon 
cost 

mnion 
minon 0.05 6 29 5.6 0.490. 33 4.92 0.990.2 65 3.58 .950.4 

30 

0 87 3.900.5 63 9.50 4.890.6 95 8.5 5.850.7 228 6.84 
6.840.8 26 5.66 7.830.9 293 4.58 8.79.0 326 3.62 9.78. 358 2.77 0.74.2 39 

2.04 .73.3 424 .4 2.72.4 
456 9 3.68.5 

489 0 4.67.6 52 
0.23 15.63 7 554 

0.06 16.62.8 586 
0 17.585 6 6.04.92 

5.93.58 5.530.87 
4.779.50 4.398.5 
4.006.84 3.685.66 

13.494.58 3.373.62 3.402.77 3.52.04 3.77.4 4 30.9 
4.590.5 15.80.23 

5.860.06 6.680 17.58 
The tota capt 

costs are to amortzed 
capta costs assumng a 20 year 

ifeat 7% 
nterest. 

Compute the annua 
capita 

cost at a 
treatment 
rate of 6.29 

Mga/d.Annua 
cost 

$6.0 mnon 
x 0.09349 
$.520 f. 

Compute the 
annua 

operaton and 
maintenance 

costs for 
each 

storage/treatentcombnaton. The storage and treatment operation and mantenance costs at a 
treatmentrate of 6.29 Mga/d computed beow:Storage operation and mantenance 0,005 x 

5.6 x 5.6 (7-2)° $0.44 Treatment operaton and mantenance 

0.05 (0.027 x 0.49) $0.028 Determne the tota annua cost for each storage/treatment combnaton. The totaannua cost for a treatment rate of 6.9 Mga/d determned 
beow:Tota annua cost .520 0.144 0.028 

S.692 263 


